The effects of IL-8 on PMN functions have been investigated,3" and two high affinity receptors for IL-83' one of which also binds with high affinity GRO, NAP-2, and ENA-78,8.9 were recently cloned. These receptors belong to the seven-transmembrane-domain family of chemotactic receptors and show homology with the FMLP receptor, as well as the receptors for the active cleavage product of the fifth component of complement (C5a) and platelet-activating factor (PAF). Upon stimulation, IL-8 receptors associate with Bordetella pertussis toxin (PT)-sensitive guanosine triphosphate (GTP)-binding proteins'' and cause phospholipase Cmediated hydrolysis of phosphatidylinositol 4,5-biphosphate, an increase in intracellular Ca2', and translocation of protein kinase C from the cytosol to plasma membrane.",'2 Similar intracellular events have been described in leukocytes activated with other chemotactic factors.13
OLYMORPHONUCLEAR neutrophils (PMN) play a key role in the defense against invasion of bacteria, parasites, viruses, and non-self cells. The migration of PMN from the blood stream to injured tissues is regulated by the expressiodactivation of adhesion molecules on PMN and endothelial cells and by the secretion of chemotactic proteins.''2 Recently, a new group of PMN-activating proteins, which include interleukin 8 (IL-81, GRO, NAP-2, ENA-78, and GCP-2, has been These factors are chemokines, an emerging superfamily of chemotactic factors, characterized by having a low molecular mass (8 to 10 kD), heparin-binding properties, and four conserved cysteine resid u e~. ~~~ The effects of IL-8 on PMN functions have been investigated,3" and two high affinity receptors for IL-83' one of which also binds with high affinity GRO, NAP-2, and ENA-78,8.9 were recently cloned. These receptors belong to the seven-transmembrane-domain family of chemotactic receptors and show homology with the FMLP receptor, as well as the receptors for the active cleavage product of the fifth component of complement (C5a) and platelet-activating factor (PAF). Upon stimulation, IL-8 receptors associate with Bordetella pertussis toxin (PT)-sensitive guanosine triphosphate (GTP)-binding proteins'' and cause phospholipase Cmediated hydrolysis of phosphatidylinositol 4,5-biphosphate, an increase in intracellular Ca2', and translocation of protein kinase C from the cytosol to plasma membrane.",'2 Similar intracellular events have been described in leukocytes activated with other chemotactic factors. 13 In the past few years, it has become evident that the hydrolysis of choline-containing phosphoglycerides (PC) by phospholipase D (PLD) plays a pivotal role in a number of cell types,I4.I5 including human PMN.I6,l7 PLD activation in PMN and HL60 granulocytes stimulated with FMLP, C5a, phorbol esters, or Ca2+ ionophore A23187 results in formation of phosphatidic acid (PA). PA can be converted to l-radyl-2-acylglycerols ( M ) by the enzyme PA phosphohydrolase.18-" PA can also be used for phospholipid biosynthesis or act directly as a second messenger.I3 Recent reports suggest that PA formation may be involved in the regulation of the oxidative burst in PMN. 21 In this report we show that PMN activation by IL-8 induced the activation of PLD in cytochalasin B-treated PMN. The effect was dose-dependent and blocked by PT. PA accumulation was maximal at the concentrations able to induce activation of the respiratory burst measured as nicotinamide adenine dinucleotide phosphate (NADPH) oxidase activity in membrane-containing fractions. Pretreatment of PMN with PAF resulted in both an increase of PA accumulation and NADPH oxidase activity. The results support a role for PA as a second messenger in activation of the respiratory burst by IL-8. In the experiments designed to more directly measure PLD activity, ethanol (0.5% vol/vol) was added just before stimulation with the agonist. Reactions were terminated by withdrawal of 0.5-mL sample aliquots into 2 mL of chloroform/methanol/2% formic acid (1:2:0.2, vol/vol) and vigorous mixing." For some experiments, PMN (IOJ/ mL in HBSS) were incubated with 1 pg/mL I T at 37°C for 90 minutes. Cells were then washed twice with HBSS and stimulated as described above.
Extraction of lipids and TLC analysis. Total lipids were extracted by a modification of previously described procedures.".'" Solvents were dried under N2 and lipids were resuspended in chloroforndmethanol (9:l, voHvol) and separated on TLC silica gel 60 plates in a solvent system made up of ethyl acetate/isooctane/glacial acetic acid/H20 ( 1 10:5020:100, voHvol), as described previously." Separated lipid fractions were identified by (1) comparing their migration with that of appropriate lipid standards after staining TLC plates with CBB R-250 or exposing them to I2 vapor and (2) locating 'H-labeled lipid fractions by scanning individual lanes with a Bioscanner (Imaging Scanner 200, IBM, Washington, DC) and comparing the loci with the migration of lipid standards. Further identification and chemical analysis of lipid fractions have been described previously." After TLC and scraping of plates, the ' H disintegrations per minute in individual lipid fractions was determined by liquid scintillation counting and calculated as a percentage of total counts recovered from the lane.
Determination of mass ofdirudyl-PA. PMN, labeled with ['HI-EAPC to facilitate identification of l-0-alkyl products, were stimulated with IL-8, and lipids were extracted and chromatographed on TLC plates as described above. The mass of PA was determined as previously described." Briefly, separated lipids and standard PA were stained with CBB R-250 (0.03% in 30% methanol containing 100 mmol/L NaC1) for 30 minutes and destained for 5 minutes in 30% methanol containing 100 mmoVL NaCI. TLC plates were dried, the bands were scanned with an LKB 2400 Ultroscan XL laser densitometer (LKB-Produkter AB, Bromma, Sweden) at a wavelength of 633 nm, and peaks were analyzed by the Gelscan XL TM software (LKB-Produkter AB). A standard curve for determination of mass of diradyl-PA was constructed with I,2-diacyl-PA (Serdary) at 0.25, 0.5, 0.75, and 1 .O pg. This protocol did not result in loss of the lipid samples from the TLC plate ('H recovery >95%).
Stimulation and fracfionation of PMN for NADPH oxidase measurements. PMN. isolated as described above, were suspended at 5 X 107/mL in HBSS in the presence of IO-' mom dhCB and prewarmed at 37°C for 5 minutes before stimulation with 1L-8 or FMLP. In some experiments, PMN were exposed to solvent (1 pL/ mL EtOH) or I O nmoVL PAF for 3 minutes before stimulation with chemoattractants. Reactions were stopped by the addition of IO-fold excess cold HBSS. Cells were then centrifuged and resuspended in sonication buffer," disrupted by sonication and fractionated by discontinuous sucrose density gradient centrifugation as reported previously.'* Membrane-rich fractions were stored at -70°C until assayed.
Assay of NADPH oxidase. NADPH oxidase activity was measured by the superoxide dismutase-inhibitable reduction of cytochrome C as described previ~usly.~' Assay mixtures contained 10 pmoVL FAD, 7.5 mmo!fL MgCI*, IO mmoln NaF, 5 pmol/L AIZ(S04)', 1 rnmolL EGTA, 76 pmoVL cytochrome C, 125 or 150 p m o K SDS, 48 p m o K KxP04 (pH = 7.0), and 8 X 10' cell equivalents of membrane fractions. The mixture was prewarmed at room temperature for 5 minutes, and change in absorbance at 550 nm was measured in a dual-beam Cary 2390 spectrophotometer (Varian Instruments, Sunnyvale, CA) after the addition of 0.19 mmol/L NADPH. A cuvette containing the same mixture and a final concentration of 48 pg/mL superoxide dismutase was used as reference.
Superoxide release in intacr cells. The release of superoxide anion (0;) from PMN was measured as the reduction of extracellular cytochrome C essentially as previously described." Briefly, 1 X 1 Oh PMN in HBSS were preincubated for 5 minutes at 37°C in the presence of IO-' mol& dhCB and 80 pnol/L cytochrome C and then stimulated for an additional 5 minutes with the agonists. The reaction was stopped by immersion in a melting ice bath. Reaction mixtures were cleared by centrifugation (200g for IO minutes), and the amount of reduced cytochrome C in supernatants was determined by measuring the absorbance at 550 nm in a Cary 2390 dual-beam spectrophotometer (Varian Instruments) against a blank sample not exposed to PMN. The amount of 0; released was expressed as nanomoles of O;/rninf106 PMN.
RESULTS
To establish whether IL-8 induces phosphatidylcholine hydrolysis, ['HIEAPC-prelabeled PMN were stimulated with 1,000 ng/mL ( 120 nmolL) IL-8 for different lengths of time in the presence of lo-' m o u t CB. IL-8 induced a timedependent hydrolysis of ['HIEAPC ( Fig 1A) . The effect was rapid, reaching a plateau at 30 seconds with -1.5% hydroly-
accumulation was seen at 15 seconds after stimulation and reached a plateau after 30 seconds (203 L 20% over control, n = 6; Fig 1B) . In contrast, l-O-['H]alkyl-2-acylglycerol (['HIEAG) accumulation increased slowly over the 5 minute stimulation (Fig 1C) . IL-8-induced hydrolysis of [3H]EAPC was concentrationdependent at 60 seconds of stimulation (Fig 2A) . The accumulation of [3H]EAPA was evident with 100 ng/mL IL-8 (Fig 2B) and reached maximal levels at 1, OOO ng/mL IL-8 (277% increase over control, n = 3). At this time point, no change in the level of [3H]EAG was observed (data not shown). The accumulation of PA in response to IL-8 also was seen when mass of diradyl-PA was determined ( Fig  2C) . The concentration-dependent pattern of diradyl-PA accumulation was similar to that observed with [3H]EApA ( Fig  2B) . Stimulation with 1, OOO ng/mL IL-8 increased the mass of diradyl-PA about threefold, from 0.2 ? 0.04 nm01/107 in control PMN to 0.62 t 0.12 nmoY107 in IL-8-stimulated PMN (n = 3). Recent data suggest that activation of PLD and accumulation of PA are involved in the triggering of the respiratory burst by chemoattractants in PMN.'"' ' We compared the activation of the respiratory burst enzyme, NADPH oxidase, and the accumulation of PA induced by IL-8 with that induced by FMLP. PMN were stimulated with either IL-8 or FMLP at 37°C and disrupted by sonication, and the level of NADPH oxidase activity was measured in isolated mem- brane fractions. Preliminary experiments established that optimal activation of NADPH oxidase was achieved by 15 seconds with 1,000 ng/mL IL-8 (data not shown) and by 30 to 60 seconds with 1 pmoUL FMLP." NADPH oxidase activity stimulated by IL-8 did not decline for up to 120 seconds (data not shown). FMLP induced about 1 .S-fold higher levels of ['HIEAPA and about sixfold higher levels of NADPH oxidase activity compared with IL-8 ( Table 1) . Thus, IL-8 was a weaker agonist than FMLP for both NADPH oxidase and PLD activation, but the difference was more pronounced for NADPH oxidase activity.
SOZZANI ET AL
To more directly address the role of PA formation in activation of NADPH oxidase by 1L-8, the effect of EtOH was examined. Under these conditions, PA accumulation is reduced (Fig 3) . IL-8 (1,000 ng/mL) induced a 4.5-fold increase over basal (unstimulated) levels of superoxide release. The presence of ethanol (0.5%) inhibited superoxide release in response to IL-8 by 40% ? 9% (6.0 ? 0.1 nmol and 3.6 ? 0.7 nmol 0 ; / 5 min/lOh PMN, without and with EtOH, respectively; n = 3, P < .OS).
PAF has been shown to enhance the ability of PMN to respond to IL-@' and vice versa. 38 We examined the effect of PAF on PLD and NADPH oxidase activation by IL-8. Exposure of PMN (in the absence of dhCB or CB) to either 10 nmom PAF or 1,000 ng/mL IL-8 resulted in minor accumulations of ['HIEAPA ( Fig 4A) and insignificant levels of NADPH oxidase activity (Fig 4B) . However, if PMN were pretreated for 3 minutes with PAF and subsequently stimulated with IL-8 for 1 minute, ['HIEAPA levels increased in a synergistic fashion, and a significant level of NADPH oxidase activity was observed. Thus, PAF enhances the activation of PLD and NADPH oxidase by IL-8 in parallel.
DISCUSSION
The hydrolysis of PC as a source of PA and DG and the mechanisms involved in this activation have recently received attention in a variety of stimulated cell In this report, we show that IL-8 stimulates the hydrolysis of PC in PMN labeled with [3H]EAPC. PA, the initial product of PLD activity, increased two-to fivefold after IL-8 stimulation, when evaluated as either Evidence has accumulated in support of a role for PLD activation and PA in the activation of the respiratory burst in PMN. Levels of PA correlate with the level of NADPH oxidase activation in PMN stimulated by FMLP,21.22.24 and exogenous PA activates NADPH oxidase in pigz3 and huthe cytokine tumor necrosis factor a (TNFa) enhances activation of PLD, PA levels, and NADPH oxidase activation in However, activation of PLD may not be necessary for triggering of the respiratory burst in all case^.^'.^^
In the current study, we examined the relationship between activation of NADPH oxidase, the respiratory burst enzyme, and activation of PLD by IL-8. Activation of NADPH oxidase was observed in the same range of concentrations (300 to 1,000 ng/mL) that induced PLD activation. In addition, pharmacologically lowering the levels of PA by EtOH inhibited the level of 0; release. These results support a requirement for PA in the activation of NADPH oxidase by IL-8.
With an optimal concentration of IL-8 (1,000 ng/mL), activation of NADPH oxidase was about sixfold weaker than that induced by an optimal concentration of FMLP. However, IL-8 induced about one half the level of [3H]EAPA compared with FMLP, suggesting the lack of an absolute quantitative correlation between PA levels and NADPH oxidase activation. Interestingly, a larger discrepancy was noted in the levels of [3H]EAG induced by IL-8 and FMLP. IL-8 induced only a modest increase (1.6-fold at 5 minutes) in [3H]EAG (Fig l) , which did not reach significance For personal use only. on September 14, 2017. by guest www.bloodjournal.org From this positive interaction could mimic an in vivo physiologic situation. Possibly, at the site of inflammation, endothelial cells are induced by cytokines (eg, TNFa, IL-I) to produce and present both PAF and IL-8s3.s4 to PMN, giving rise to an amplification of the inflammatory response.
Stimulation of PMN with IL-8 results in activation of PLD with the consequent hydrolysis of PC and the accumulation of PA. This effect was observed at 100 to 1,000 ng/mL IL-8, the same range of concentrations able to activate the respiratory burst. Pretreatment of PMN with PAF increased both PA levels and activation of the NADPH oxidase. These results show that IL-8, like other chemotactic agonists, is able to stimulate PC hydrolysis and suggest that this transduction pathway could play a relevant role in the induction of PMN biologic responses. For personal use only. on September 14, 2017. by guest www.bloodjournal.org From
